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Abstract.—The region of the outer continental shelf and upper slope, encompassed roughly by 32 and
33°N and 78 and 79°W, is unique within the southeastern Atlantic coast of the United States because of the
frequent presence of large (amplitudes of 50~100 km), cyclonic eddies. These eddies develop continuously
north of the deflection of the Gulf Stream at the Charleston Bump and decay downstream. The cyclonic
circulation of these eddies brings nutrient-rich water from deep and off the shelf edge to near surface and
results in enhanced primary production. Succession of zooplankton assemblages, driven by enhanced pri-
mary production, might serve fish production by providing an exceptional, and more continuous food
supply for larval fishes spawned in or entrained into eddies. In addition, larval fishes that risk entrainment
into the Gulf Stream and consequent loss from local populations, can be retained on, or near, the shelf when
embedded within these eddies. The residence of an eddy within the region ranges from a week to a month
or two, while the larval period of most fishes ranges from weeks to months. The large-scale eddies in the
region develop most frequently in winter when the Gulf Stream is in its strongly deflected mode, coinci-
dent with the spawning of a suite of commercially important fishes. Although the region of the Charleston
Gyre has the potential to act as an important spawning and nursery habitat, published evidence of usage of
the habitat afforded by large scale eddies in this region is weak. High concentrations of larval fishes occa-
sionally occur in the region, but there is no indication of high concentrations of fish eggs. With its high
primary and secondary production, succession of zooplankton assemblages, and retention mechanism, the
region of the Gyre may constitute an important spawning and nursery habitat for fishes, but more research

aimed at assessing this potential is necessary.

The biological oceanographic literature often views
the Charleston Gyre (Figure 1) as a feature that forms
in the wake of the deflection of the Gulf Stream just
north of the Charleston Bump, persists and remains
stationary for several months, and has enhanced pri-
mary and secondary production (e.g., Atkinson and
Menzel 1985; Verity et al. 1993a; Ryan and Yoder
1996). Higher primary and secondary production and
potential larval retention within the Gyre might pro-
vide favorable habitat for fish spawning and for lar-
val and juvenile growth and survival; hence, this
region might well be an important contributor to fish-
eries production off the southeastern Atlantic coast
of the United States from northern Florida to Cape
Hatteras (the South Atlantic Bight [SAB] by con-
vention, although this name has no official geo-
graphic validity). Physical data that describe the
region north of the Bump indicate that the circula-
tion and hydrographic conditions are complex. This
paper seeks to evaluate the region of the Gyre as a
potential spawning and fish nursery habitat in light
of the physical complexity and to set forth recom-
mendations for future research to assess the impor-
tance of the region to fish recruitment and fisheries
production in the SAB.
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Oceanographic Background
Physical oceanography

The Gulf Stream flows approximately parallel to the
200 m isobath in the SAB, but its course varies ow-
ing to the formation of wave-like meanders (Bane et
al. 1981, and 2001, this volume). Cyclonic frontal
eddies form within the offshore part of meander
troughs and move northward as meanders propagate
(Bane et al. 2001). Upwelling arises within the core
of these eddies. The meander crest that lead a fron-
tal eddy can interact with the eddy’s cyclonic circu-
lation and form warm filaments that wrap southward
along the inshore side of the eddy. These features, a
wave crest followed by a trough with cyclonic cir-
culation that propagate northward, account for most
of the sub-tidal variability in flow on the outer shelf
in the SAB (Brooks and Bane 1983; Lee et al. 1991).

Two areas of diverging isobaths on the outer shelf
of the SAB effect eddy growth: north of the Florida
Straits and north of a topographical rise on the conti-
nental slope, the Charleston Bump (Brooks and Bane
1978; Legeckis 1979; Olson et al. 1983; Leeetal. 1991).
Frontal eddies that form between the Florida Straits
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Satellite-derived, advanced, very high resolution radiometer image of sea-surface lemperature showing

the Golf Stream, the topographic feature known as the Charleston Bump and the region of the Charleston Gyre, A large.
well developed cyelonic eddy is evident in the region of the Charleston Gyre. This eddy’s dimensions are ~160 km
along-Stream and ~130 km across-Stream. Inage is 2 2 d composite of maximum values, 7-9 January 1999,

and the Bump have wavelengths of 100-200 km, am-
plitudes of 30-50 km, periods of 47 d, and propaga-
tion speeds of 30-30 cm s (Lee et al, 1991). Eddy
growth in the second area, just north of the Bump, is
augmented by the frequent offshore displacement of
the Gulf Stream by the topography of the Bump
iBrooks and Bane 1978, Legeckis 1979); this results
inincreasing variance in the position of the Gulf Stream
front (Figure 2). The Gulf Stream path in this region
exhibits two states: weakly-deflected, onshore, and
strongly deflected, offshore (Bane and Dewar [988;
Leeetal, 1989; Bane etal. 2001, The weakly deflected
state s more common in summer, while the strongly
deflected state 15 more common in winter (Figure 33
The offshore displacement (Hood and Bane 1983) re-
sults in the formation of large eyelonic eddies (Bane
and Dewar 1988), with wavelengths of 150-300 km,
amplitudes of 100 km, periods of 14-20d, and propa-
gation speeds of 20-50 em 57, Downstream ol the
Bump, eddies decay and transfer energy back o the
main current of the Guli Stream (Lee et al, 18491 ), bt
eddies can rermain intact past Cape Fear and even Caps
Hatteras (Glenn and Ebbesmever 19945,
Satellite-derived images of sea-surface tempera-

ture (35T often show a large eddy associated with
the offshore deflection of the Gulf Stream just north
of the Charleston Bump (Figure 1), Warmer waler
that projects southwards along the inshore edge in-
dicates cyclonic circulation. Domed isotherms, in-
dicative of upwelling, are commonly observed here
as well (Figure 4). Such observations have given rise
tor the term the Charleston Gyre (Bane 1983; Singer
etal. 1983 o mese-scale, stationary, cyvclonic eddy
that can persistent for months in the wake of the
Bump (Verity et al. 1993a; Byan and Yoder 1996,
The processes that lead 1o meso-scale eddy Lor-
maticen just north of the Charleston Bump are con-
linucus, especially when the Gulf Stream is in the
strongly deflected state. As eddies form and often
propagate northeastward, eddy formation just north
ol the Gull Stream deflection continues. Rather than
one eddy that lingers over the slope for months, cur-
rent-meter records and serial images of S5T indi-
cate multiple, large amplitude, propagating eddies,
For example, current measurements on the South
Carolina outer shelf indicate that a series of meso-
scale eddies moved along the shelf break during the
winters of 1981-1982 and 1985-1986 (Bane and
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FIGURE 4. Percent observation of domed isotherms along four cross-shelf transects off the Carolinas (data from
Singer et al. 1983). Number of transects sampled and number of positive occurrences of domed isothermes provided in
parentheses. Locations of current meters used in Figure 5 are also shown.

Dewar 1988; Lee et al. 1989). At a fixed location on
the outer shelf and upper slope, the typical north-
eastward flow was punctuated by periods of south-
ward motion as the Gulf Stream meandered and
cyclonic eddies propagated through the region (Fig-
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ure 5). Large eddies were also seen north of the
Bump from 9 to 30 October 1998, but these eddies
formed and propagated northward with another eddy
forming behind (Figure 6). A time-series of SST data
indicate several periods of large offshore displace-
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Ficure 5. Current meter records from the outer Carolina shelf. Shaded bars highlight periods of southwestward
flow that is indicative of passing meander troughs and embedded cyclonic circulation, Mooring locations shown in
Figure 4. Data in top panel from Bane and Dewar (1988); data in bottom panel from Lee et al. (1989).
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Fivge @, Senal 58T images for the region of the Charleston Gre, Three day maximuom vilue composite sea-surface
temperature images from 9 o 30 October 1995 i shown, White numbers signify individual eddies sy they propagate north-
wards over time, Numbers in upper lefl comer of cach panel identifies year amd day of the year of ench image.

ment in the Gulf Stream front that propagate down-
stream (Figure 7.

The region characterized by the feature com-
monly known as Charleston Gyre is unigue within
the SAB, because of its semipersistent, cyclonic,
meso-scale circulation. Physical cceanographic ob-
servations indicate the persistent occurrence of large
cyclonic eddies north of the Bump (Figure 1. Rather
than simply a stationary feature, multiple eddies form
and propagate through the region (Figure 7). At is-

sue for the biology of the region is the fate of water
within these eddies; that is, the Lagrangian fate of
individual eddies, not simply the persistent and sta-
tionary process of eddy formation north of the Charles-
ton Bump.

Biological ceeancgraphy

Production within the SAB differs from other warm-
temperate areas of the world ocean (Table 1) As a
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whole, primary production here does not vary greatly
[rom season o season (Yoder 1983). On the inner
shelf, primary production is controlled by the input
of nuirients from rivers and estuaries (see reviews
inAtkinson 1985; Verity et al. 1993a). Over the mid-
and cuter shelf, primary production is controlled by
nutrients upwelled within cyelonic eddies from
within or helow the thermocline beneath the Gulf
Stream (Verity et al. 1993a). In the winter, upwelled
water often reaches near surface hecause shelf wa-

Tapir 1. Estimates of primary productivity and fish-
ery yield in the world ocean excluding estuaries,

Primary productivity  Fishery wield

Eoasvalem (i e Craphadyean)
World ocean, continental shelf 100 21-1500
World acean, upwelling zones =300 -2
Open ooean and coral reets 20=2500 2-55+
Scutheastern ULE,, outer shelf 260360 a5

= Mikon (1988); ¢ Lee et al, (1991); © Verity ot al. (19934); ¢
Murten and Poloving {1982,

face lemperature images from 1 Ccrober 145
o 15 April 1995,

ter is largely unstratified, but high primary produc-
tion that results from this nutrient flux is constrained
to the outer shelf because vertical isopyenals that
define the outer shelf front block the shoreward pro-
jection of upwelled water (Pietrafesa et al, 1985; Lee
et al. 1991; Byan and Yoder 1996). In summer up-
welled water typically intrudes shoreward near the
bottom, under the stratified water column of the shell
iVerity et al. 1993a). Near-bottom upwelling and
projection on the shell is occasionally evident in
winter (.2, Pietralesa 1989; Govoni and Pietralesa
1994; Govoni and Spach 19997,

The region of the Charleston Gyre exhibits high
primary productivity relative to other areas of the
SAB (Lee et al. 19910, Lee et al. (1991) indicated
net on-shell nutrient flux and net carbon fixation in
two regions of the SADB, both north of the two rec-
ognized regions ol eddy formation. Ryan and Yoder
{14996} show distinet phytoplankton pigment fields
adjoining the region and exceptionally high concen-
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trations of chlorophyll in the region, but they also
found more frequent and similarly high concentra-
tions of chlorophyll along the mid-shelf front, Satel-
lite-derived images of sea-surface color show high
chlorophyll concentrations in large cyclonic eddies in the
region, but these chlorophyll features can propagate nosth-
ward with the 85T signature of these eddies (Fignre &),
The high episodic primary production induced by
Gulf Stream meanders and intrusions induces inter-
mittently high secondary production, that is, high zoop-
lankton abundance, on the mid- and outer shelf
{Patfenhifer 1983; Verity el al. 19934, 1993b). While
there are no composite estimales of secondary produc-
tiom in units of carbon fixation or energy transfer, the
abundance of single taxa of zooplankton in the SAR
approaches the high levels characteristic of the major
upwelling zones and fishing areas of the global ocean
such as the Peruvian upwelling zone and ofT the Tvory
Coast of Africa and Oregon, USA (Paffenhéfer 1985),
The region of the Charleston Gyre provides
an area of persistently high primary and second-
ary production where parcels of water contain as-
semblages of zooplankton that succeed in size and
laxonomic constitution. The magnitude of zoop-
lankton abundance and the maturity of the suc-
cession depends on the residence time of
upwelled, nutrient rich water, Salps and doliolids,
that are injected from the Gulf Stream and that
reproduce asexoally, increase in abundance first

iWerity et al. 1993a, 1993h). The mucous-nets of
these zooplankters enable feeding on bacteria that
are stimulated in growth by phytoplankton exu-
dates, Aloricate protozoans, also hacteria-feeders,
are also abundant on the outer shelf in the SAB
(Verity et al. 1988), and may be stimulated in
growth by bacterial abundance in upwelled wa-
ter, Cyclopoid and small calanoid copepods, along
with cladocerans and larvaceans follow. As up-
welled waler propagates and ages, older upwelled
water containg mostly larger calanoid copepods
(Paffenhiifer 19850,

Fishery aceanography

The fisheries of the SAB have attributes of warm
temperate and semitropical areas, with production
and harvest of warm temperate (principally clupeid,
sciaenid, paralichthyid), reef (serranid, lutjanid, and
sparid), coastal pelagic (scombrid), and highly mi-
gratory (thunnine scombrid, istiophorid, and xiphiidy
fishes. At 5.5 metric tons km™ vear” on the shelf
{out to the |10 m isobath), fishery production in the
SAB is lower than the major upwelling zones ol the
waorld, but is higher than the waters over most conti-
nental shelves of warm-temperate and tropical
oveans (Table 1)

Twao fisheries have recently emerged in the vi-
cinity of the Charleston Bump and in the region of

Fisure 8. Comparison of estimates of sea-surface chlorophyll-a concentration and ses-surface temperature for two
days during Tanuary 1999, Chlorophyll-a concentrations derived from visual band data from SeaWIFS satellite and
processed vsing B, Stumpls chlorophyll algorithm {(NOA A, National Qcean Service, Silver Spring, Maryland), Line
provided across images o infer relative position of eyclenic eddy between images.
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the Charleston Gyre that have added to these pro-
duction estimates. An active fishery for wreckfish
Polyprion americanus began in the late 1980s over
the Bump (Vaughan et al. 2001, this volume). Large
longline catches of the highly migratory fish, sword-
fish Xiphias gladius, became common within the re-
gion in the 1980s (Cramer 1996).

Concentrations of larval fishes, fishery-indepen-
dent indicators of fishery production, vary in the
SAB. Variation is greater across the shelf than it is
along the shelf (Yoder 1983). In the winter, when
many fishes of commercial importance spawn in the
offshore waters of the SAB (principally the estua-
rine dependents including Atlantic menhaden
Brevoortia tyrannus, spot Leiostomus xanthurus and
Atlantic croaker Micropogonias undulatus, and
paralichthyd flounders), larval fishes are often
densely distributed over the outer shelf, with con-
centrations that exceed five larvae m= (Paffenhofer
1985; Govoni 1993). In summer, when many reef,
coastal pelagic, and migratory fishes spawn, larvae
are more evenly distributed and concentrations are
considerably lower (Yoder 1983; Govoni 1993;
Powell and Robbins 1994, 1998).

High concentrations of larval fishes do not trans-
late to exceptionally high fishery production (Table
1). Within an ecosystem, primary and secondary pro-
duction contribute the energy that fuels the growth
and survival of larval and juvenile fishes and drives
recruitment to adult populations. Larval, juvenile,
and adult fishes grow faster when and where food is
abundant, yet the linkage of primary and fishery pro-
duction is not always tight (e.g., Nixon 1988). Ra-
tios of fish yield to primary production range from
the order of 10~ in the open ocean, through 107 over
continental shelves, to 10~ coastal upwelling zones
(Marten and Polovina 1982). A most plausible ex-
planation for the loose correlation of primary and
fishery production (Nixon 1988) is that the interme-
diate connection, secondary production, is complex
(e.g., Mann 1993; Cushing 1995); hence, the con-
cept of food webs versus food chains (e.g., Legendre
and Rassoulzadegan 1995). Each additional linkage
carries a reduction of energy transfer of about 50%
(Mann 1993). For larval and adult fishes the com-
plexity and resulting reduction in transfer efficiency
can be considerable (e.g., Nielsen and Richardson
1996).

Whereas there is substantial evidence that
growth rates of larval fishes are positively correlated
with survival (Meekan and Fortier 1996; Hare and

Cowen 1997), evidence for the correlation of growth
and the recruitment of juveniles to populations is
equivocal. A possible explanation is that factors other
than food supply, principally predation (Bailey and
Houde 1989) and the inimical results of physical
transport (Hare and Cowen 1996; Govoni and Spach
1999; Cowen et al. 2000), compromise recruitment.
An alternative explanation is that those factors that
are conducive to the growth and survival of larvae
may not be conducive to the survival of juveniles
(Bertram and Leggett 1994; Hare and Cowen 1997;
Buckel et al. 1998).

Paffenhofer (1985) suggested that the episodic
nature of eddies, upwelling, and resultant primary
and secondary production, as well as the loss of lar-
val fishes by entrainment into the Gulf Stream, lim-
its the translation of primary production to fishery
production in the SAB. The region of the Charles-
ton Gyre, however, is an area of persistent upwelling,
high primary and secondary production, and cyclonic
circulation where larval fishes might feed and be
retained. This region may well be a critical habitat
for the spawning, retention, and survival of larvae
in the SAB, but this is neither understood nor estab-
lished.

Potential of the Region of the Charleston Gyre
as Spawning and Nursery Habitat of Fishes

The following questions should be addressed to as-
sess the potential of the region of the Charleston Gyre
as an important spawning and nursery habitat within
the SAB: (1) Are adult fishes more abundant in the
region and is spawning evident there, that is, are there
spawning aggregations or high abundance of fish
eggs there?; (2) Are larval fishes more abundant in
the region than elsewhere in the SAB?; (3) Are lar-
val fishes retained by advective processes in the re-
gion?; (4) Is the persistent secondary production that
is characteristic of the region available to and con-
sumed by larval fishes?; (5) What is the abundance
of larval fish predators in the region and do they
consume larval fishes?

Spawning aggregations and the distribution of
adult fishes and fish eggs in the region of the
Charleston Gyre

Evidence of spawning aggregations within the region
of the Charleston Gyre is weak. The prevalence, that
is, presence or absence, of demersal and pelagic fishes
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in otter trawl catches taken in spring, summer, fall, and
winter from 1973 to 1975, was no greater within the
region (here arbitrarily encompassed by 32 and 33°N
and 077-079°W), than it was elsewhere over the outer
shelf of the SAB (Wenner et al. 1979a, b, ¢, d, 1980).
Atkinson and Targett (1983) recorded aggregations of
acoustic echo returns that coincided with upwelling
within the region, but they did not verify targets as
fishes. Whether fishes focus their spawning within the
Gyre remains a question, largely because surveys of
adult fishes in the SAB have been intermittent and of
coarse spatial scale. Rarely have fish eggs been sys-
tematically identified and counted in the SAB; those
of Atlantic menhaden constitute the sole exception.
Eggs are widely distributed over the outer shelf (Judy
and Lewis 1983; Checkley et al. 1999).

The abundance and distribution of fish larvae in
the region of the Charleston Gyre

While the diversity of larval fishes is higher within the
region of the Charleston Gyre than it is elsewhere in
the SAB (Fahay 1975), this high diversity probably
owes to the exchange and mixing of Gulf Stream and
shelf water and the different assemblages of fishes that
these water masses contain. The larvae of semitropi-
cal, tropical, and highly migratory fishes traveling
northward in the Gulf Stream mix with the larvae of
warm-temperate fishes on the shelf (Powell and Rob-

ins 1994, 1998; Govoni and Spach 1999). Reciprocally,
a large number of larvae spawned in the SAB may be
lost to local populations through entrainment into the
Gulf Stream and northward transport (Hare and Cowen
1991; Govoni and Spach 1999).

Evidence of exceptional abundance of fish lar-
vae in the region of the Charleston Gyre is weak.
Powles and Stender (1976) recorded irregularly high
concentrations of larval fishes (>100 beneath m~ of
sea-surface) over the region (again encompassed by
32 and 33°N and 077-079°W), but such concentra-
tions also occur occasionally elsewhere in the SAB.
Occasional high concentrations of larval Atlantic
menhaden in winter occur within the region of the
Gyre, but are also sporadically evident elsewhere in
the SAB (Figure 9). High concentrations of larval
bluefish Pomatomus saltatrix occur in the region in
the autumn (Kendall and Walford 1979). Collins and
Stender (1987) suggested that the region may serve
as a spawning area for king mackerel Scombe-
romorus cavalla, because of the recurrent collection
of small (=<4 mm) larvae there.

The frequent collection of the larvae of the highly
migratory swordfish within the region of the Charles-
ton Gyre indicates that the region might be a nursery
area, but not a principal spawning area, for that spe-
cies. The collection of smallest and youngest larvae
along the western edge of the Gulf Loop Current indi-
cates that spawning is probably focused in the eastern

Atlantic menhaden
larvae: 1953-75
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FiGURe9.  The mean abundance and distribution of Atlantic menhaden Brevoortia tyrannus larvae in off the southeastern
Adlantic coast of the United States, January to March 1953-1975. High mean concentrations (number of larvae m™?) in the
region of the Charleston Gyre are encircled (modified from Judy and Lewis 1983).



132 GOVONI AND HARE

Ciulf of Mexico, though marginal spawning occurs in
the SAB as far north as Onslow Bay, North Carolina
(Govoni et al. 20000, Five ol 27 collections taken be-
tween the Straits of Florida and Cape Hatteras from
1973 and 1980 coincided with the large semiperma-
nent cyelonic circulation that is characteristic of this
region (Govond el al. 20007, Upwelling and recircula-
tion were clearly evident in the region in September
1958 when 11 larvae were taken along the Gulf Stream
[ronl, compared with cne larva taken outside of the
region. Swordfish larvae accumulate in the Gulf Stream
Fromtal zone, and because of the frequent convolution
of the Gulf Stream front within the region of the Gyre,
the resolution of a relation between larval distributicn
and the Gyre, or a relation hetween larval distribution
and the Gulf Stream frontal zone, will prove difficult.
The recent collection of five swordfish larvae aboul a
large, cyclonic eddy in the region of the Gyre illus-
trates this point (Figure [0} One larva was collected
in the Culf Stream front just south of a large cyvelonic
eddy on 16 January 2000, This eddy moved and
stretched northeastward through 22 January, while Tour
more larvae were collected on 18 January in what prob-
ably was then the Gulf Stream front just north of the
eddy. Additional corroboration of this apparent lack of
affinity of the larvae of highly migratory fishes Tor the
Cryre proper is the occasional collection of bluelin tuna
Thumaues Heysnies in the region, but not within the Gyre
(MeGowan and Richards 19397,

The retention of larval fishes in the
region af the Charleston Gyre

The loss of larval fishes to the Gulf Stoream may be
limited by cyelonic circulation in the region of the
Charleston Gyre, Larvae hatched from eggs spawned
within the region, may be entrained by the circulation
of the region. Onee within a propagating meso-scale
eddy, egps or larvae would circuit the eddy, perhaps
several times before the eddy decayved. Residence of
an eddy within the region, ranges from a week to a
mcnth or two (Figures 7 and 8; Bane and Dewar [988;
Lee et al. 19917, & span in ling with typical durations
of the larval period that range from weeks w months
{e.g., Victor 1986; Wellington and Vietor |989;
Lindeman et al. 20000, Fish larvae entrained in the cy-
clonic circulation of an eddy in the region will be at or
near metamorphosis and could settle from the plank-
tom bhefore the eddy decays or propagates north ol the
region iF appropriate setlement habital is available on
the slope or cuter shell, I adeguate habitat Tor sertle-

16 Jan 2000

17 Jan 2000
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Froure 10, Mewston collections {black circles) in the
region of the Charleston Gyre and collections that vielded
swordlish Xiphiasr gladins larvae or juveniles (white
circles) in January 2000, On 16 JTanoary, swordfish larvac
were collected in the Gulf Stream frontal zone just south
of 4 mesoscale cvelonie eddy, This eddy moved north-
castward by 17 JTanuary and had stretched o the northeast
by 22 Tanuary; swordfish larvae were collected along the
northern edge of this eddy (northern most tranzect) in the
Gull Stream rontal zone on LR Januvary 20000,

menl is nol available on the outer shell, cross-shelf
transport from the location of release (from an eddy)
Lo appropriate juvenile habitats on the mid- and inner
shelf {or to estnaries) is required.
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Secondary production and the availability and
consumption of food for larval fishes in the region
of the Charleston Gyre

The succession of zooplankton assemblages within
eddies apparently proceeds through taxa that are the
required food of growing larval fishes. Young larvae
eat primarily copepod nauplii and small copepodites,
along with a variety of other small plankters includ-
ing pteropods, pelecypod veligers, and tintinnids
(Turner 1984), and they eat selectively with demon-
strable species-specific differences in selection
(Govoni et al. 1986). The copepod taxa that increase
in abundance secondarily, after salps and doliolids
(Paffenhofer 1985), are of the same genera that are
commonly eaten by young larval fishes: the
calanoids Paracalanus, and the cyclopoids Temora,
Oithona, and Oncaea (Govoni et al. 1983). Further,
young larvae might rely more heavily on aloricate
protozoans or other products of the microbial food
web than previously recognized (Fukami et al. 1999).
The microbial food web itself is not well understood
in the SAB (Pomeroy 1985), while the linkage of
this trophic loop to fishery production remains
largely unexplored (Cushing 1995). Older upwelled
water contains mostly larger calanoid copepods, in-
cluding Eucalanus and Centropages (Paffenhofer
1985), that are selected by older larval and pelagic
juvenile fishes (Govoni et al. 1986). With regard to
food supply, the region of the Charleston Gyre prob-
ably offers an excellent habitat for developing fishes.

The abundance of larval fish predators
in the region of the Charleston Gyre

Beyond the predatory action of chaetognaths in
Onslow Bay (Baier and Purcell 1997), little is known
of the abundance and distribution of the predators
of larval fishes (see review in Bailey and Houde
1989) in the SAB; nothing within the eddies that
characterize the region of the Charleston Gyre.

Recommendations for Future Research

An understanding of the linkage of primary and sec-
ondary production to recruitment and fishery pro-
duction in the SAB should be predicated upon an
assessment of the region of the Charleston Gyre as
a critical habitat for fishery production, because of
the semipersistence of high primary and secondary
production and recirculation in the region. Future

fisheries oceanographic research should focus on ex-
amining the spatial distribution and trophic ecology
of larval fishes of this region. This should be done
with oceanographic field work aimed at document-
ing the nutrient flux, primary production, second-
ary production, trophic ecology of larval and juvenile
fishes, and their growth histories all within the de-
veloping, propagating, and decaying eddies within
the region.

Specifically, to address the first three ques-
tions—the spatial distribution of spawning, and the
distribution and retention of larval fishes—the dis-
tribution of fish eggs, larvae, and juveniles should
be resolved at spatial scales that are relevant to the
dimensions and trajectories of the cyclonic eddies
that transit the region. The resolution of larval fish
advection, diffusion and survival requires the cou-
pling of Lagrangian and Eulerian measurements of
flow fields. The distributions resolved from a scale
that encompass the region of the Gyre must be com-
pared with distributions at a scale that encompasses
the entire SAB.

To address the last two questions—the avail-
ability and usage of the products of secondary pro-
duction, the age and growth of larval and juvenile
fishes, and the predator field—the trophic interac-
tions of larvae and juveniles, including predation
upon larvae and juveniles, should be described and
quantified within the context of eddy growth and
decay, and plankton succession.
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